Membrane-associated proteins responsible for the cellular uptake of folate compounds and antifols such as Methotrexate (MTX) have been difficult to isolate because of their low level in cells and their hydrophobic nature that limits the use of conventional procedures for protein purification. These obstacles have been overcome by utilizing biotin derivatives of MTX and folate to selectively label the transporters in situ, followed by adsorption of the latter on immobilized streptavidin for their recovery from membrane extracts (1). This procedure also has potential applicability to the rapid and efficient isolation of soluble folate-or pteridine-dependent enzymes.
Biotin derivatives of MTX ( Fig. 1 ) and folate were synthesized by a route similar to that used previously for fluorescein-MTX (2). The parent compounds were reacted with 1,5-diaminopentane, and the resulting products were linked to a commercially available biotin derivative in which the valeric acid moiety had been extended by addition of an -HN(CH 2 ) 2 S -S(CH 2 ) 2 COOH group; in the latter reaction the carboxyl group of the extender was activated by conversion to the N-hydroxysulfosuccinimide (NHSS) ester. The products, referred to hereafter as "biotin-SS-MTX" and "biotin-SS-folate", were purified by chromatography on DEAE-Trisacryl and characterized by HPLC, elemental analysis and mass spectrometry. Yields were 35 -50%. Based upon their susceptibility to hydrolysis by carboxypeptidase G 2 (which cleaves the glutamyl residue from folates and MTX with an unsubstituted cx-COOH). both biotin-SS-MTX and biotin-SS-folate appeared to be mainly the γ-derivatives of the parent compounds. The strategy for utilizing biotin-MTX or -folate for the isolation of folate transport proteins from E1210 mouse leukemia cells is illustrated in Figure 2 . Cells were treated with the ot-NHSS esters of the probes, and the covalently labeled transporters were separated from other detergent-extracted membrane proteins by adsorption on streptavidin-agarose beads. Release of the transport proteins was achieved by treatment with dithiothreitol to reductively cleave the S-S bond in the probes (cf. Fig. 1 ). This procedure afforded the transporters free from other proteins, as judged by SDS-PAGE (cf. Fig. 2 in ref. 2) . The proteins, which contain covalently-attached MTX plus its linker fragment at the active site, were characterized with respect to molecular weight and amino acid and carbohydrate composition. LI 210 cells can express two separate transport systems for folate compounds: (A) The low affinity system (K t values for the preferred substrates 5-methyl-and 5-formyl-tetrahydrofolate and MTX in the μΜ range); and (B) The high affinity system (K, for folate in the nM range). Visualization of the transporters in individual cells, after labeling with fluorescein and biotin derivatives of MTX and folate, has been accomplished by fluorescence microscopy and electron microscopy (1-3). Parental cells, which contain only the low affinity transport protein ("μΜ transporter"), were used to isolate the transporter as a well-defined component (43 kDa) on SDS-PAGE; no other proteins were present on the electrophoretogram. An L1210 subline (JF), obtained by adapting cells to grow on nanomolar concentrations of folate, contains both the μΜ transporter and the high-affinity transporter ("nM transporter"). When these cells were treated with the NHSS ester of biotin-SS-folate and processed as outlined in Fig. 2 , both the μΜ transporter (43 kDa) and the nM transporter (39 kDa) were observed on the SDS-PAGE electrophoretogram. Treatment of the nM transporter with peptide N-glycosidase F (N-glycanase) reducted its molecular weight to 33 kDa; the μΜ transporter, conversely, was unchanged by this procedure. Other studies revealed that the nM transporter, but not the μΜ counterpart, could be relased by treatment of cells with phosphatidylinositol-specific phospholipase C. These results indicate that the μΜ transporter is a non-glycosylated, integral membrane protein. The nM transporter, conversely, is heavily glycosylated and anchored exoficially to the membrane by a glycosylphosphatidylinositol component.
